Together with conventional B-mode image, elastography increase the sensitivity in the diagnosis of a pancreatic solid mass up to 97 % but with low specificity of 76 % [4] . On the other hand, contrast-enhanced ultrasound characterizes the type of pancreatic lesions based on the hemodynamic properties of the tumor. Together with color Doppler or tissue harmonic imaging [5] , it can improve accuracy of diagnosis of pancreatic solid masses, [6, 7] but still with low specificity [6] . For diagnosis of exocrine and endocrine tumor, CH-EUS was able to detect the typical hypervascular pattern of an endocrine tumor with 83.3 % sensitivity but only 60 % specificity [8] . As a result, to improve diagnostic sensitivity and specificity of differential diagnosis of solid pancreatic lesions, we hypothesized that it might be useful to combine these 2 diagnostic modalities. Studies demonstrating the benefit of combinations of endoscopic elastography and contrast-enhanced examination have been limited and results conflicting [9, 10] .
The aim of this study was to clarify the benefits of combining EUS elastography (EUS-E) and contrast-enhanced harmonicbased EUS (CH-EUS) when compared to EUS-E or CH-EUS as single modalities in differential diagnosis of solid pancreatic lesions.
Patients and methods
This was a retrospective study of all patients who underwent EUS with both EUS-E and CH-EUS between January 2007 and August 2014 in Nagoya University Hospital, Nagoya, Japan. All patients received the final diagnosis according to the histology of the resected specimen, EUS-guided fine needle aspiration (EUS-FNA), or core needle biopsy. Patients were divided into 3 groups according to pathologic diagnosis: Group 1, adenocarcinoma, which included adenocarcinoma arise from intraductal papillary mucinous neoplasm with predominant solid part; Group 2, pancreatic neuroendocrine tumor (PNET); and Group 3, inflammatory tumor (autoimmune pancreatitis, mass-forming chronic pancreatitis and granulomatous lesion). Pathology of the PNET group was sub-classified according to revised WHO classification [11, 12] . At least 6 months of follow up was required for patients diagnosed with chronic pancreatitis by EUS-FNA to exclude the possibility of a false-negative diagnosis of malignancy. This research was in accord with the World Medical Association's Declaration of Helsinki on experiments involving human subjects. Details that might disclose the identity of patients were omitted and the study was approved by the Nagoya University hospital ethics committee.
EUS imaging
EUS was performed by experienced pancreatobiliary echoendoscopists with more than 4,000 cases of pancreatobiliary EUS (Y. H. and E. O.) or by trainees under supervision by these experienced endoscopists. EG-3670URK, EG-3630UR, EG-3630UT and EG-3270UK (Pentax Lifecare Division, Hoya Co., Ltd., Tokyo, Japan) with HI VISION 900 ® or Hitachi Ascendus ® (Hitachi Aloka Medical, Ltd., Tokyo, Japan) and GF-UE-260-AL5 (Olympus Co., Tokyo, Japan) with Prosound α10 ® (Aloka Medical, Ltd., Tokyo, Japan) or Olympus EU-ME2 PREMIER PLUS ® (Olympus Co., Tokyo, Japan) were used as the electronic scanning echoendoscopes for the EUS. In each case, EUS was initially performed using B-mode with or without tissue harmonic image (THI). Strain elastography was subsequently performed using Real-time Tissue Elastography ® (RTE) (Hitachi Aloka Medical, Ltd., Tokyo, Japan) or the ELST mode in EU-ME2 PREMIER PLUS ® . EUS elastography was performed by using HI VISION 900 as the ultrasound apparatus in 65 patients and using HITACHI ASCENDUS as the ultrasound apparatus in another 70 patients. The Region of Interest (ROI) was set to include the area of solid tumors and surrounding soft tissues. Relative elasticity of tissue was expressed as colors: blue (hard tissue), green (average) and red (soft). During the procedure, elastography images were manually selected by the operator and stored as videos and still color images in the ultrasound apparatus as avi and jpeg files, respectively. The contrast study was performed by using one vial of Sonazoid ® (16 µl as perfluorobutane, Daiichi Sankyo, Tokyo, Japan) suspended in 2 mL of sterile water at a dose of 0.015 mL/kg injected via a 22G needle catheter inserted in the antecubital vein and flushed with at least 10 mL of normal saline. In cases using EG-3670URK, EG-3630UR, EG-3630UT and EG-3270UK with HI VISION 900 ® or Hitachi Ascendus ® , CH-EUS was performed under a wide-band pulse inversion method and the mechanical index was automatically set at 0.16 to 0.23 in accordance with the focal point. In cases using GF-UE-260-AL5 with Prosound α10 ® or Olympus EU-ME2 PREMIER PLUS ® , the extended pure harmonic detection method (ExPHD) was used, and the mechanical index was set at 0.25. Image observation was acquired using contrast-enhanced harmonic imaging continuously for 5 minutes. Video records were made at 1, 3 and 5 minutes after injection. In cases using Hitachi Ascendus ® and Prosound α10 ® as the ultrasonic apparatuses, time intensity curves were calculated using the installed software in the machine. Serial still images were recorded with labelled time sequence or the video records of the contrast enhanced study at each time point after contrast injection. TIC was performed using digital data stored on a hard disk of the ultrasound apparatus. Regions of interest (ROI) with maximal possible size were selected at the lesion and at surrounding pancreatic parenchyma. Echointensity after contrast injection in both ROI was calculated by the software installed in the machine. EUS images and video were taken during the examination and all records were rearranged into 3 categories (as described below) and sent for blind revision.
Image interpretation
Stored images of the same patients were divided into 3 imaging categories: B-mode images (including color Doppler and tissue harmonic imaging) with EUS-E; B-mode images with CH-EUS including time intensity curve analysis (TIC); and B-mode images with both EUS-E and CH-EUS (combination). Patient order ran according to the timing of EUS examination, and in each case, each imaging category was randomly interpreted by 3 reviewers with different levels of EUS experience (2 experts and 1 trainee). All reviewers were blinded to patient clinical presentation and other imaging findings. All examinations were performed more than 6 months before image interpretation to reduce reviewer bias. ▶ Fig.1 illustrates the method of randomization. Interpretation of images from EUS-E was performed using the elastic score, as proposed by Giovannini [7] : score 1, distortion for entire low echo area (normal pancreas); score 2, no distortion on low echo area even for a part (chronic pancreatitis); score 3, distortion at the edge of low echo area (small adenocarcinoma); score 4, no distortion for entire low echo area (endocrine tumor); score 5, no distortion on low echo area and surrounding (advanced adenocarcinoma). Interpretation of CH-EUS was performed based on multiple serial images of CE-EUS together with labelled time sequence or video records after contrast injection. CH-EUS imaging was interpreted into 3 patterns in a report by Matsubara [13] : heterogeneously hypovascular enhancing mass (pancreatic adenocarcinoma), rapid-stained hypervascular mass (endocrine tumor), and homogeneously isovascular mass (inflammatory pseudotumor) (▶ Fig. 2 ). After revision, all reviewers gave the presumptive diagnosis according to the 3 diagnostic categories which were compared to the pathologic diagnosis as the gold standard. When EUS-E and CE-EUS were not correlated, the decision about diagnosis was dependent upon each reviewer's personal experience.
Statistical analysis
Sensitivity, specificity, and accuracy of EUS-E, CH-EUS and the combination in each pathologic diagnostic group were calculated using pathological diagnosis as the gold standard. For the combined 3 diagnosis populations, multivariate logistic regression analysis was performed with adjustment for the effects of the 3 reviewers to compare the proportion of correct diagnoses among the 3 modalities. A two-sided P < 0.05 was considered to be statistically significant. The statistical software SPSS ver. 23 (SPSS, Inc, Chicago, IL) was used for all statistical analyses.
Results
In total, 242 patients who underwent both EUS-E and CH-EUS were recruited. However, 106 patients were excluded due to lack of or non-diagnostic pathology results, other diagnosis not classified in our study, presence of predominant cystic components, or loss to follow-up. The remaining 136 patients, including 54 females (39.7 %) and 82 males (60.3 %), aged 28 to and 83 years (mean 65.1 ± 10.2), were eligible for image analysis. Diagnoses were made based on surgical specimens in 91 patients (66.9 %), EUS-FNA in 41 patients (30.1 %), and endoscopic, percutaneous and laparoscopic biopsy in 4 patients ▶ Fig. 1 Flowchart demonstrating the method of image arrangement and randomization. All images taken during EUS examination in each patient were rearranged into 3 imaging categories and randomly reviewed by a blinded reviewer.
Patients with pancreatic mass underwent EUS-E and EUS-CE with proven pathologic diagnosis (n = 136)
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(2.9 %). There were 95 patients (69.9 %) in the adenocarcinoma group, 22 patients (16.2 %) in the PNET group, and 19 patients (14 %) in the inflammatory pseudotumor group. Among those with PNET, there were 3 patients classified as G2 and 19 patients classified as G1 according to ENETS classification by revised WHO classification 2016 [12] . Each reviewer gave the diagnosis for 45 to 47 patients in each imaging set (EUSE, CE-EUS and combination). The number of still images provided for the revision ranged from 25 to 239 images, with a median of 84, 107 and 124 for the still images in EUS-E, CE-EUS and com- bined, respectively. Demographic data are shown in ▶ Table 1 .
Lesions were located on the pancreatic head in 83 patients (61.0 %), on the pancreatic body in 38 patients (27.9 %) and on the pancreatic tail in 15 patients (11.0 %) with size ranging from 4 to 110 mm (median 25 mm). The sensitivity, specificity, and accuracy of each modality in the 3 diagnostic groups are shown in ▶ Table 2 . CE-EUS's sensitivity was generally lower than that for other modalities, especially in diagnosis of inflammatory lesions. The proportion of correct diagnosis for EUS-E, CE-EUS, and the combination of them were 66.2 % (95 %CI 57.6 -74.1), 63.2 % (95 %CI 54.5 -71.3) and 72.1 % (95 %CI 63.7 -79.4), respectively. According to results of multivariate logistic regression analysis, the odds ratio and its 95 % confidence interval (CI) of the combination group relative to the CH-EUS and EUS-E were 1.50 (0.90 to 2.50) and 1.32 (0.79 to 2.22), respectively (▶ Table 3 ). The tendency of improvement in terms of correct diagnosis by combining CH-EUS and EUS-E was observed, but there were no statistically significant differences among them. Furthermore, there was no statistically significant difference in diagnostic correctness among the reviewers (▶ Table 3 ). However, in subgroup analysis for the 3 diagnostic populations, the correctness between the trainee (Reviewer A) and the experts (Reviewer C) became significant in Group 3 (▶ Table 3 ). The diagnosis in Group 3 using EUS-E was 100 % accurate for reviewers A and B (the experts), but accuracy was only 22 % for reviewer C (the trainee). After excluding the least experienced endosonographer, sensitivity of EUS-E improved in Group 1, and specificity increased for all modalities in Groups 2 and 3 (▶ Table 4 ). Multivariate analysis after exclusion of data from the least experienced endosonographer did not show any significant difference in diagnostic populations with all modalities ( ▶ Table 5 ). Factors that may influence diagnosis of ductal adenocarcinoma were analyzed. Tumor size and location and the machine used (HI VISION 900 and HITACHI ASCENDUS), as well as the number of images, video and presence of TIC were did not differ for those who received correct versus incorrect diagnoses of adenocarcinoma.
▶
Discussion
EUS elastography and contrast-enhanced EUS have been reported to improve sensitivity pf diagnosis of solid pancreatic lesions. However, performing both modalities in every case require a lot of equipment, which may not be available in some centers. In our study, we compared diagnostic ability of EUS elastography and contrast-enhanced EUS, both as individual modalities and in combination. We divided patients into 3 diagnostic groups that had different patterns of contrast enhancement [13] . Other uncommon types of pancreatic tumor, such as solid pseudopapillary neoplasm and acinar cell carcinoma, were not included due to their small number and limited de-▶ scription of their contrast-enhancement and/or elastography patterns. The number of patients in each age group differed according to the differences in disease prevalence. However, inflammatory pseudotumor prevalence was much lower than the usual prevalence due to the lack of tissue diagnosis in many cases. Studies of the efficacy of combining EUS elastography and contrast-enhanced EUS are limited. The study by Saftoiu [9] comparing contrast-enhanced power Doppler, real-time elastography and the combination of both modalities in differential diagnosis of pancreatic adenocarcinoma and chronic pancreatitis showed sensitivities of 90.9 %, 84.8 % and 75.8 %, respectively. Another study by Hocke [10] using elastography, low-mechanical index CE-EUS and high-mechanical index CE-EUS in differential diagnosis of pancreatic cancer and chronic pancreatitis showed sensitivities of 94.7 %, 84.2 % and 89.5 %, respectively. When combined EUS elastography, low-mechanical index CE-EUS and high-mechanical index EUS was used, the sensitivity increased up to 94.7 %. In this report, this whole combination is not superior to the combination of B-mode with contrast-enhanced modalities. Unlike our study, these 2 reports were mainly based on contrast-Doppler mode and evaluated only differential diagnosis of pancreatic adenocarcinoma and chronic pancreatitis. Another recent study using CE-EUS and EUS elastography in focal pancreatic mass with negative EUS-FNA showed a promising result in differential diagnosis of benign and malignant lesions [14] . Even though that study also used contrast-enhanced harmonic imaging, it evaluated only those with chronic pancreatitis and pancreatic cancer. These differences in study population, method of image analysis (qualitative versus semiquantitative), type of image analyzed (real time video images versus off-line stored still images) and experience of the image reviewer might contribute to the different results in our study.
We conducted a study comparing the diagnostic efficacy of EUS-E, CH-EUS and the combination in a single-blinded fashion. Since this study reviewed the data over a 7-year period, different ultrasound apparatuses equipped with different software were used depending on the machine available at each time point. Using the different software for image interpretation could lead to significant heterogeneity of the study. As a result, we used qualitative analysis to unify elastography interpretation. Regarding the type of elastography interpretation, data from a meta-analysis showed that EUS-E in differential diagnosis of pancreatic adenocarcinoma and inflammatory mass with use of the color pattern as the diagnostic standard had a pooled sensitivity of 0.99 and pooled specificity of 0.76, compared with pooled sensitivity of 0.92 and pooled specificity of 0.68 for use of the hue histogram [15] . The data confirmed that color pattern diagnosis that provides quantitative information may be preferable to the more qualitative method. We also performed an analysis comparing elastography results with use of the older HIVISION 900 and the newer ASCENDUS system but did not found any difference in accuracy of diagnosis.
Diagnosis of solid pancreatic lesions was classified into 3 groups of lesion of different natural histories and well-known pattern of contrast-enhancement and elastography. Comparison using multivariate analysis for correct proportion demonstrated favorable trends for use of combination modalities in all diagnostic groups, but the results did not reach statistical significance. That is similar to the report by Hocke [10] , which did not demonstrate the benefit of combining EUS-E and CE-EUS. However, according to our data, the combination may be beneficial in cases for which inflammatory pseudotumor is the main differential diagnosis or EUS is performed by a less experienced endosonographer. Sensitivity, specificity, NPV, PPV, and accuracy in our study differed from that in other studies mentioned earlier, which may be because of several reasons. First, in our study, the reviewer interpreted the results based on the ▶ Table 5 Comparison of proportion of correct diagnosis among 3 modalities based on multivariate logistic regression analysis without data from the trainee (reviewer C). off-line, stored images, which is different from real-time or video-recorded interpretation. However, because we used the same interpretation method for all diagnostic modalities, that limitation should not interfere with the final result. Second, our study used quantitative methods of interpretation, which are different from those in other reports. Moreover, the image reviewers in our study also included a trainee, which differed from most studies in which it was performed only by experts. In our data, the differences between experts and trainees decreased with use of combined modalities. After excluding the least experienced endosonographer, there was no difference among EUS-E, CE-EUS and combination in differential diagnosis of solid pancreatic lesions. Our study has several strong points. We performed the single-blinded study in 136 patients, which is a much higher number of patients than in other studies, and included various types of pancreatic mass lesions. Pathological results were the gold standard for diagnosis in all cases. In addition, we also included a non-expert reviewer, which makes our results a better representation of the real-life situation. Our technique of EUS-E and CE-EUS interpretation was color pattern analysis, which was simple and did not require special software calculations. That makes our study applicable to many institutions in which special image processors or software are not available. Moreover, our study involved both experienced and inexperienced endosonographers, which might be a better representation of the real-world situation.
Categories
On the other hand, there were several limitations. First, this study was based on retrospective case reviews that not only analyzed the video but also still images, which may decrease diagnostic sensitivity and specificity, especially for interpretation of CE-EUS, in which many serial images taken together with the labelled time sequence were used as the substitute. However, we did not find a significant difference between accuracy and the number of video images and that limitation may not affect our comparison between modalities, which all used the same method. Second, the study was performed over a 7-year period, during which different equipment and technologies were available. Using the different kinds of ultrasound processors may bring about some bias, specifically, different probes may show different images. However, the essence of images was the same and we compared the diagnosis of the same case. Moreover, some of the examinations were performed by the reviewers, which could lead to significant recall bias despite a severalmonth interval between examination and study. Because the prevalence of diseases in each group differed, the number of cases in each diagnostic group was small and uneven, which resulted in a low power of the study.
Conclusion
In summary, EUS elastography and contrast-enhanced EUS combined improved sensitivity, specificity and accuracy of diagnosis of solid pancreatic lesions compared with use of the modalities individually. However, that improvement did not reach statistical significance.
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